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1.— Introductory.

THE outcrops of conglomerate, sandstone, and shale in the Triassic
forraation of the lower Connecticut Valley are generally inconspicuous,
and alone would hardly afford means of deciphering the structure of the
region ; but they are accompanied by ridges of strong relief, marking
the resistant edges of trap sheets whose close conformity to the adja-
cent sedimentary beds has long been recognized. 1t was noticed by the
elder Hitchcock that some of these sheets were extrusive. Manifestly
these are of great stratigraphic value, for after taking their places in
the stratified series, they constitute truly eonformable members of the
mass, and may be used as guides to the deformations that the whole has
suffered.!  Attention was called to their value in this respect by the
senior author of this essay in 1883,% and since then something of the
stracture of the region has been worked ont?® for the United States
Geological Survey by means of the dislocations of the sheets that are
regarded as extrusive. The field about Meriden has also been found an

1 Chamberlin and Irving. Bull. 23, U. S. G. S., 1885, pp. 100, 101.

* Amer. Journ. Science, XXIV., 1882, p. 347. Bull. Museum Comp. Zodl,,
Geol. Ser., I, 1883, p 249.

3 Amer. Journ. Science, XXXII., 1886, p. 342. Amer. Assoc. Proc., XXXV,
1886, pp. 224-227. Seventh Ann. Rep. U. S. G. §,, 1888. Bull. Musenm Comp.
Zool., Geol. Ser., I1., 1889, pp. 61-87. Amer. Journ. Science, XXX VIL., 1889, pp.

423-434. Meriden Scient. Assoc. Proc., 1889.
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excellent training ground for the Harvard Summer School of Geology.
There is, however, still difference of opinion as to which of the trap
sheets are of extrusive origin, and it has therefore seemed advisable
to examine all the evidence thus far collected which bears on this
question.

2.—Means of Distinguishing Intrusions and Extrusions.

Our belief is that the eastern traps are extrusive sheets, which were
poured over the floor of the Triassic estuary from various aund undis-
covered vents at several times during the deposition of the bedded
members of the formation; that three of the sheets attained areas of
many square miles, — perhaps of several hundred square miles, — the
second of the three being the sheet now seen in the main line of ridges
from Branford northward to Meriden and bevond to the Massachusetts
line, while the first and third constitute the anterior and posterior ridges
respectively. It is probable, also, that certain other eruptions occurred
later, although the outcrops of their tlows are not vet well correlated.
If such be the facts, we should espect from our knowledge of existing
lavas to find many indications of the contemporaneous origin of these
sheets. Deposits of ashes and bombs may reveal the lecus of ernption.
More or less disturbance may have been created in the unconsolidated
sediments as the lava flood advanced over them at the bottem of the
estuary. Successive flows or intermittent advances of a single flow may
have quickly followed one another, forming a composite sheet of lava.
While the middle part of a flow would be relatively dense, the upper
part would be vesicular, after the fashion of modern flows, and the sur-
face mizht exhibit the ropy or clinkery character of lava streams. After
the eruption, the igneous sheet would be gradually buried by the con-
tinued deposit of sediments that settled slowly down in all the cavities
and inequalities of the surface, thereby acquiring a stratification in mi-
nute accord with all its irrezularities. Where the waves and currents of
the ancient estuary were strong enough, clinkery fragments may have
been moved about on the surface of the sheet from the more exposed
situations, and carried to the deeper, quieter water, there settling down
with finer detritus from a more distant source.

On the other hand, if the lava sheets that we have pictured as extru-
sive were in reality intrusive, nearly every feature would be changed.
The contrasted features of the two kinds of sheets must surely be
distinct enough for preservation and detection. We have therefore
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searched the region carefully for all the outcrops and openings that
might give opportunity of testing these deductive possibilities, and we
now present the result of this search.

During the progress of our field and laboratory studies, the latter
having been carried on by the junior anthor, we have looked for the
results of similar studies in other regions. It appears from this that
the question as to the intrusive or extrusive origin of lava sheets is
seldom discussed in detail ; as a rule, it has been settled by the citation
of a few facts, without going through the greater labor of making com-
plete diagnoses. We cannot therefore always determine whether all the
criteria of intrusion or extrusion are present in the examples referred
to. Opportunity for observation is often limited; search for outcrops
is frequently hasty ; but the criteria that are cited are as a rule dis-
tinctive. Putting all these together, we find that the facts indicative
of an intrusion are as follows: —

An intrusive sheet is not confined to a single horizon, but may break
across the adjacent strata.

The lower and upper portions of an intrusion are nearly identical.
Offshoots may traverse the superincumbent beds for some distance from
the main sheet.

The texture of the mass is, with small exception, dense throughout,
being uniformly and coarsely holocrystalline in the middle, but becom-
ing very close-grained and glassy close to the upper and lower surfaces,
with the development of marked porphyritic structure and of minerals
not observable in the middle, and non-polarizing action immediately at
the contact.

A cellular or amygdaloidal texture is rarely developed, and when
occurring seems to be confined to the upper portion of the sheet. The
microscope generally does not discover a definite boundary or a tangen-
tial arrangement of feldspar crystals around the walls of these psend-
amygdules, and their cavities are therefore ascribed to replacement.

The porphyritic crystals of the upper surface are arranged tangen-
tially to the inequalities of the enclosing rock, showing the former to be
secondary to the latter.

Enclosed fragments of the country rock may be found near the upper,
as well as near the lower, surface of the sheet.

The overlying rocks, as well as the underlying, are fractured and dis-
turbed, and friction breccias are sometimes formed along the contact
surfaces, the fragments from the intruded and the enclosing rocks being
mutually and mechanically commingled.
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The beds above the sheet, us well as below, may be altered by heat.
The alteration is commonly seen in change of color, induration, pro-
duction of new minerals, or the development of a local prismatie habit.

Strongly contrasted with all these are the features characteristic of
extrusions : —

An extrusive sheet lies conformably on the surface over which it was
poured.

The lower and upper portions are strongly unlike.

The upper surface sometimes manifests a ropy flow structure, and
sometimes consists of a mass of clinkers.

Vesicular or amygdaloidal texture is very common, especially near
the upper surface, and sometimes within the mass.

A eomposite structure, as of two or more tlows, is not nncommon.

Vesicles are often drawn out in a common direction, parallel to the
adjacent surface, and indieative of motion; but greatly eclongated
“spike” amyvgdules stand at right angles to the neighboring surfuces,
These amygdules are commonly characterized by a definite boundary,
and by a tendency to an arrangement of the adjacent feldspar crystals
parallel to their walls, and are therefore regarded as the product of
expanding gases. Pscud-amygdaloidal cavities are also common.

There is a marked tendency to the development of a porphyritic
structure throughout the whole mass.

The overlying beds show no evidence of alteration by heat.

The overlying sediments are arranged conformably with the upper
surface of the sheet ; open vesicles and the spaces between clinkers are
more or less completely filled with sediments, deposited conformably
with the surface on which they rest.

A stratified mixture of clastic materials and trap fragments, the latter
more or less water-worn, overlies the shect.

Extrusive sheets may be associated with ash beds and voleanic bombs,
and with beds of voleanie conglomerate, more or less witer-worn, in a
horizen nearly continueus with the lava sheet.

It may be added, that the effects of heat and of mechanical disturb-
ance in the underlying beds are features common to sheets of either
intrusive or extrusive origin; and that absence of indnration and ap-
pavently complete conformability with adjacent beds cannot be taken as
proving extrusion.

Induration is one of the most commonly quoted effects of the action
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of igneous masses on adjacent sedimentaries. Percival makes frequent
reference to it in his Report on the Geology of Connecticut. Yet, of all
the above mentioned signs of intrusive sheets, it is perhaps the most
difficult one to recognize. Simple induration is easily enough deter-
mined with a hammer; but it is another thing to decide whether it
results from well advanced cementation by minute deposits of calcite
or quartz brought by infiltrating waters, or from baking by heat. The
sandstone overlying Saltounstall or Pond Mountain at its northern end
is excessively hard; but its hardness is due to secondary deposits of
calcite, and not in the least to fusion or baking. Moreover, it fre-
quently happens that the beds overlying undoubted intrusions or ad-
joining dikes are not hardened: this is commonly the case with
sandstones, as, for example, on the back of Gaylord’s Mountain. Shales
are more affected by a dehydration of their eluyey constituents, new min-
erals being formed when the temperature is higher and water abundant.
Sections ent from ordinary biscuit-ware show under the microscope no
essential difference from the hydrous kaolinite from which the ware was
made, excepting a greater compactness. The argillites of Somerville,
Mass., manifest little local alteration near their abundant dikes; as if
the general metamorphic process which changed the original clay-beds
into argillite had been so complete that the comparatively slight local
influence of the dikes was not suflicient to carry the change any further.
The argillites of Quincy, Mass., contain small garnets close to the large
intrusions of the Blue Ilills. The shales overlying the Palisade Range
have been changed in color and texture so as to resemble hornstone;
biotite, hornblende, and epidote have been locally developed.

The induration of the sedimentary rocks immediately overlying the
trap sheets has not been neglected in the study of the ridges ; but while
simple induration is associated in some cases with unquestionable signs
of intrusion, it is found in other cases with equally decisive indications
of extrusion, and we have therefore been driven_to the belief that mere
induration is by no means of constant, ocecurrence or definite assoctation,
and that it must be regarded as of little determinative value, at least
for the Counecticut eruptives.

Our scarch for evidence of the origin of the trap sheets has been car-
ried from the coast of the Sound, by New Haven and Branford, along
the greater part of the various trap ridges, to Cook’s Gap, west of New
DBritain.  Attention has been given chiefly to the baeck of the sheets,
for the upper contacts are much more significant than the lower; but,
although the upper contact lines must altogether amount to one or two
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hundred miles in length, the number of exposures upon them is very
small.  Upper contacts are generally found in streams that descend the
back of the ridges, and these have therefore been examined most carefully.
The list below embraces all that we have yet discovered. The localities
are numbered to correspond with the figures on the map of Plate I.,
and are arranged according to the sheet to which we suppose them to
belong, beginning with the trap range near the western border of the
formation, and proceeding with the anterior, main, and posterior sheets
farther east ; these being interpreted as has been explained in earlier
articles.! Some specimens from the Palisade Range of New Jersey, col-
lected in 1883, are described with those from the western range of the
Connecticut Triassic. The several smaller ridges, not correlated with
any of the sheets above named, have not been closely examined, and are
not here referred to, except in locality 26. The pages in Percival’s
Report on the Geology of the State, where he describes the localities here
mentioned, are added to our list, for the sake of convenient reference.
Our descriptions are made as concise as possible, in order to shorten the
necessary repetitions; several of the more interesting and instructive
localities are given more space in special accounts further on. Mention
is made in certain cases of peculiarities of structure that do not bear
directly on the question under investigation, partly in order that ob-
gervations might not be lost, and also in the hope that the details thus
collected might in time lead to new generalizations, Certain micro-
scopical variations in the trap naturally resulting from differences in the
conditions of solidification are added to those which have a direct bear-
ing on the question of origin; not that they are criteria in themselves,
but that they have become recognized as commonly accompanying the
two kinds of eruption. For example, the occurrence of porphyritic
crystals in an eruptive rock does not establish its extrusive origin, but
extrusive sheets are notably more porphyritic than those solidifying
beneath the surface. Sp, too, a holocrystalline structure does not war-
rant us in saying that a rock is undoubtedly intrusive; but intrusives
are more frequently holocrystalline and extrusives more frequently
glassy.2  But we have not attempted to give a complete petrographic
account of the specimens that have been examined. It seems advisable
to postpone this until samples from all the Triassic basins of the Atlan-
tic slope can be studied together.

1 Seventh Ann. Report U. S. G. S., 1888.
2 See, on the other hand, the account of recent lavas from Kilauea, in which glass
is rare or wholly absent. E.S. Dana, Amer. Journ. Science, XXX VII., 1889, p. 461.
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3.— General Features of Intrusive and Extrusive Sheets in
Connecticut.

GROUP I. WESTERN RIDGES.

Locality 1. Section numbers, 85-80. Local name, East Rock. Percival’s Report,
pp- 895-398.  Percival's notation, W. S. L (1}.

General Account. — The southwestern face of this fine mass is well
exposed in a strong palisaded cliff on the border of New Haven, below
which the underlying sandstones can be seen at several points. The over-
lying sandstone close to its contact with the trap was found on the
northeastern slope, in the woods, about a third way down from the sum-
mit. This rock is regarded as a part of the West Rock sheet, from
which it is thought to have been separated by a fault ; similar faults
of smaller throw are supposed to account for the notches in the south-
castern extension of East Rock itself.

Sections cut from specimens taken from the upper contact and from
four feet below it cannot be distingnished from sections similarly selected
from the base of the sheet.

The trap is wanting in vesicles of expansion throughout its mass, and
is helocrystalline except at contact with other rocks. Extremely close-
grained and glassy at the upper contact, where it shows microscopic
flowage parallel to surface of junction with the overlying sandstone.
Sandstone directly above does not contain fragments of trap; hand
specimens appear much more dense than from beds distant from the
trap sheet.

Locality 2. West Rock. Percival's Report, pp. 394-8596. Percival’s notation,
W. S. L (4).

The general features of this ridge are like those of East Rock ; but
no exposure of the upper contact has been found on its back. As far as
seen, it is of dense texture, even in the uppermost parts exposed. The
southern end of the ridge, where the underlying sandstone is quarried
and exposed in contact with the trap, may be reached by the West
Haven horse cars from New Haven; the remainder of the ridge is
wooded and less casily examined.

Locality 3. Scction numbers, 194-199.  Gaylord’s Mountain, Roaring Brook. Perci-
val's Report, pp. 402-404.  Percival’s nctation, W. S. 1.

Gaylord’s Mountain is a slightly dislocated continuation of the West
Rock range; on its back, Roaring Brook has cut a picturesque ravine,
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well known in the neighborhood and easily reached by a walk of two
miles and a half from Cheshire station of the New Huaven and North-
ampton Railroad, or by a less distance from the station of the same
name on the Meriden, Waterbury, and Connecticut River Railroad. It
gives the only good exposure of the overlying strata kuown to us on the
back of the western trap sheet, and deserves careful examination.

The trap here is without vesicles throughout its mass; holoerystal-
line except at contact with other rocks; at it: upper contact it is
extremely fine-grained and glassy; flowage action is seen in the micro-
scopic arrangement of the feldspar prismns parallel to upper line of
junction. Upper surface of sheet obliquely traverses the beds of the
overlying sandstones and shales ; several small offshoots of fine texture
extend into the overlying rock (Fig. 12). Pebbly sandstone directly
above the sheet does not contain fragments of trap, and is not per-
ceptibly affected by the igneous mass even close to the junction; the
shales that elsewhere approach the sheet are apparently indurated.
See special account.

Section numbers, 45-55. Palisade Range, New Jersey.

The easternmost or lowest trap sheet of the New Jersey Triassic area
seems to correspond with the lowest or westernmost sheet of the Con-
necticut area, and is therefore referred to here in order to extend the
number of examples quoted. Its base is finely exposed in contaet with
the underlying sandstones at the Hamilton-Burr duel ground in Wee-
hawken, on the bank of the Hudson, opposite New York City ; this out-
crop is well figured in Plate IV. of the Annual Report of the New Jer-
sey Geological Survey for 1882, Other exposnres of the underlyving
sandstone are common up the west bank of the Hudson, but contacts
are relatively rare.  The only upper contact known is one pointed out
some years ago.by Professor Cook (Geology of New Jersey, 1868, p. 201),
in Englewood, about a mile south of the station of that name on the
Northern New Jersey Railroad, in a brook channel a few hundred feet
west of a road.

The trap of this sheet is dense throughout, as far as examined at
numerous outerops. Tts texture is rather coarse in the middle of the
sheet, but becomes very fine at lower and upper contacts. The adja-
cent bedded rocks are distinetly altered from their original condition,
with the development of new minerals. No fragnients of trap are
found in the overlying beds.

Under the microscope the trap is seen to be almost identical with that
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from Gaylord’s Mountain, but more olivine is present in the holocrys-
talline portions. Approaching the upper and lower contaets, there is a
gradual disappearance of the augite and a decrease in the coarseness of
testure ; the angite disappears at the contacts, porphyritic crystals of
olivine become abundant, and the rock is extremely fine-grained and
glassy. Occasional pseud-amygdaloidal areas occur in the trap; but
no vesicles due to the expansion of occluded gases have been observed.

GROUP II. EASTERN TRAP RIDGES.
Division I. AxTERIOR RIDGES.

Locality 4. Section numbers, 26-28. Anterior at northern end of Totoket Mountain.
Percival’s Report, pp. 344, 345.  Percival’s notation, A. 1. N. of E. IL

The ridge anterior to Totoket has few strong outcrops ; the one here
referred to is at the north end of the main sheet in a stream bank,
east of S. W. Loper’s, South Durham (Fig. 3). Dest reached by stage
from New IHaven to North Guilford. Base of sheet for a thickness of
eight feet consists of a breceia of scoriaceous trap and clastic material,
cemented together by quartz and ealeite 5 upper part extremely vesicular ;
no upper contact found. Lower portion glassy and porphyritic.

Locality 5.} mile S. E. of East Meriden. Percival’s Report, pp. 302-305. Percival’s
notation, A. 1. of E. IIL (3).

The anterior to the long Durham range is traceable for many miles,
but, is often heavily covered with drift. The bluffs of the ridge are of
the ordinary dense trap, and its back is as usual vesicular. About a
quarter of a mile south of Black Pond, near East Meriden, there is a
faint depression in its back, and here the ground is covered with
numerous fragments of sandstone containing pieces of vesicular and an-
gular trap (Fig. 13). A shallow opening would secure excellent speci-
mens. It seems as if there was here a depression in the surface of the
sheet, into which local fragments of trap were washed with sand from a
more distant source.

Locality 6. West of northern end of Migby Mountain. Percival’s Report,
pp. 362-365.  Percival’s notation, A. 1. of E. IIL (4).

The gap between Higby Monntain and Chauncy Peak is followed by
the Mcriden, Waterbury, and Connectieut River Railroad, and by the
highway from Meriden to Westfield (Fig. 4). A road branches from
the latter in the gap, and runs south on the amygdaloidal back of the
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anterior ridge. Following it about a third of a mile, and then turning
west into the woods, a few ledges are found consisting of ashes and
bombs, such as are more fully described under locality 8. Half a mile
farther south, the sandstone lying on the back of the highly vesicular
trap is exposed in the roadside. Numerous vesicular fragments of trap
arc included in the sandstone. Clastic deposits are seen in many of the
vesicles in these fragments.

Locality 7. Southwest and west of Chauncy Peak. Percival’s Report, p. 364
Percival’s notation, A. E. I11. (5).

The road from Meriden to Westfield crosses this anterior ridge about
half a mile southwest of Chauncy Peak, and the above-mentioned ash
and bomb structure is visible in roadside cuts (Fig. 5, locality 7/). A
farm road follows the vesicular back of the ridge to the northwest, and
the ledges to the west of it show the same structure again, locality 7.

Locality 8. Section numbers, 83, 84 a, 200-212.  Anterior of Lamentation Mountain.
Percival’s Report, pp. 265, 266. Percival’s notation, A. ot” E. I1I. (5).

The road from Meriden to Berlin follows the base of the ridge ante-
rior to Lamentation Mountain for some distance (Fig. 5). About two
miles north of Meriden, a curious Lluff of volcanic ashes and bombs is
seen in the face of the ridge, locality 8. The underlying sandstone is
first seen at the foot of the bluff; the overlying sandstone is found by
crossing the ridge to its eastern slope, locality 8’, passing several trap
ledges in the woods on the way.

The trap is underlain by a bed of fine lapilli, about thirty feet
thick, containing numerous rounded blocks or bombs of dense trap,
from six inches to threc feet in diameter ; one of these blocks is half
imbedded in the underlying sandstone. This basal ash bed is un-
doubtedly the, same as the one mentioned in the two preceding local-
ities, but it is not seen much farther north ; half a mile in that direction
there is a local trap conglomerate in the same horizon with the anterior
sheet ; vesicular and water-worn pebbles are here interbedded with sand,
as if this point were not far distant from a wave-beaten margin of the
anterior lava sheet. The trap of the ridge is frequently cavernous
and amygdaloidal, and remarkably so near the upper surface. No local
closeness of grain at upper contact; overlying sandstone deposited
parallel to inequalities of trap surface ; fissures and vesicles near sur-
face filled with sand, connecting upwards with overlying sandstone.
Fragments of vesicular trap and abundant grains of water-worn glassy
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trap in sandstone at contact ; two thin tufa beds a few feet above trap
sheet. See special account.

Locality 9. Anterior to Cat Hole Peaks. Percival’s Report, pp. 875, 376.

Two small openings in the anterior ridge east of the Meriden poor-
house, a mile and a half northwest of the city (Fig. 6), expose the lower
part of the sheet. It is generally of dense structure, but presents ex-
tremely irregular forms, as if consisting of ropy masses of tlowing lava;
the spaces between these masses are filled with a much weathered
loose material that may perhaps be lapilli ; there are numerous *spike ”
amygdules (see special account of locality 13) near and at right angles
to the convex surfaces of the lava masses. The upper portion of the
same sheet, where seen on roads on the back of the ridge, locality 9, is
highly vesicular.

Locality 10. Anterior of Notch Mountain. Percival’s Report, pp. 875, 376. Perci-
val’s notation, Ant. to E. IV. 1(3).

A hundred feet southwest of the Meriden poorhouse, the sandstone
appears a little above the trap of the anterior sheet to Notch Mountain
(Fig. 6) ; a small piece of vesicular trap was found in it. The same
anterior sheet, where exposed in the Reservoir Notch, a third of a mile
to the west, is extremely vesicular in its upper part.

Locality 11.  Anterior to Shuttle Meadow Mountain.!  Percival’s Report,
pp. 375, 376.  Percival’s notation, Ant. to E. IV. 1 (4).

A few poor exposures in the road on the back of this anterior, half a
mile south of Shuttle Meadow Reservoir, reveal weathered fragments
of vesicular trap in the sandstone overlying the sheet. Some of the
vesicles in these fragments contain clastic deposits.,

Locality 12.  Anterior to Farmington Mountain. Percival’s Report, pp. 375. Per-
cival’s notation, Ant. to E. TV. 1 (9).

An excellent exposure of this anterior is found about a mile east
of Farmington, directly north of Stetson’s house (Fig. 7). Middle of
sheet dense; bottom sparingly cavernous; upper portion generally
sub-amygdaloidal to cavernous; very vesicular at upper surface, where
numerous vesicles are filled with indurated bitumen ;? surface of sheet
very uneven, with sandstone conformably filling hollows and open vesi-
cles; intimate mixture of trap fragmenfs and sand grains on upper
surface.

1 Called “North High Rock” in Bull. Mus. Comp. Zodl., 1889, No. 4, Fig. 13.
2 Percival, Geol. Conn., 1842, p. 375.
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Locality 13.  Section numbers, 175~1825. Farmington River Gap, Tariffville. Per-
cival’s Report, pp. 891, 893.  Percival’s notation, A. to E. IV. 2 (2).

The main and anterior ridges are traversed by the Farmington River
at Tariffville (Fig. 8) ; the Connecticut Western Railroad passes through
the gap and exposes the complex structure and the upper surface of
the anterior ridge in a’ long cut a quarter of a mile east of the vil-
lage. The upper surface is scen again on the east bank of the river,
Jjust above the road bridge.?

A donble sheet, as if of two flows. Lower sheet generally dense ;
sub-amygdaloidal, very porphyritic and glassy toward upper surface;
upper portion very vesicular, and near surface contains ““spike” amyg-
dules. No local close grain in trap at top of sheet; sand grains
conformably stratified in vesicles and small irregularities of surface ;
mixture of large and small fragments of trap with sand over surface,
this mixture passing laterally into a tufa bed; trap fragments often
rounded as if water-worn.

Upper sheet compact at the base ; sub-amygdaloidal and vesicular
in upper portion; generally very porphyritic and originally possessing
a glassy base; overlying sandstone not seen in railroad cut, but well
shown on opposite river bank below, locality 13/, where it carries
numerous trap fragments. See special account.

Division II, — Maix Ripces,

Locality 14.  Section numbers, 1-4, 73, 76, Saltonstall Mountai, Percival’s Report,
pp- 823, 324, Percival’s notation, E. 1.

Saltonstall or Pond Mountain is the southernmost member of the
eastern main trap range ; it forms a well marked crescentic curve, with
Saltonstall Lake lying along the inner side.  An under contact, lo-
cality 14/, is fonnd in the cut of the Shore Line Railroad, a quarter
of a mile east of Fair Haven station, and an upper contact is almost
revealed at the eastern end of the same cut. The back of the sheet
is very scoriaceous all along the shore of the lake, but no upper con-
tact is- found until the northeastern end of the ridge is nearly reached,
when it is exposed in a little cully in the woods on the back of the
sheet over a pasture, loeality 14 (Fig. 2).

The trap is porphyritic and was originally glassy; at lower contact
with sandstone, the trap is brecciated, fine-grained, and glassy ; slightly
vesicular ; vesicles elongated, indicating flowage action. Very vesicular

1 W. North Rice, Amer. Journ. Science, XXXII, 1886, pp. 430-433.
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and irregular texture near its upper surface ; stratification of sandstone
conformable to irregularities in the upper surface. Intimate mixture
of sand grains and trap fragments along and above line of junction ;
surface fissures and vesicles filled from above with sand grains, distinctly
stratified parallel with the sandstone bed above. The hardness of the
overlying sandstone is due to induration by infiltrated calcite, ete., and
presents no evidence of being derived from baking by heat. Sce special
account.

-

Localities 15, 16.  Section numbers, 5-17, 77. Totoket Mountain, inside south and
north hooks. Percival’s Report, pp. 336-838. Percival’s notation, E. 11.

Totoket Mountain is a well formed crescent, next north of Saltonstall
Mountain. Exposures of the upper contact with the sandstone were
found in a stream, locality 15 (Fig. 2), half a mile northwest of North
Branford, in the southern hook of the crescent; and again in a stream-
bed inside of the northern hook, locality 16 (Fig. 3). Another stream, a
mile southwest of the last, locality 16/, cuts a channel in what seems to
be a bed of clinkers.

The trap is porphyritic, and originally possessed a glassy base ; upper
surface very vesienlar and irvegular ; sandstone lamination conformable
to uneven contours of surfice ; intimate mixture of rounded (water-
worn) trap grains and sands at contact ; occasional trap fragments in
samlstone for a few feet above ; clastic grains of trap, quartz, ete., fill
vesicles, with lines of deposition parallel to the stratification of the sand-
stone above ; sand in vesicles is connected with the sandstone above by
narrow necks. The overlying sandstone, locality 16, is indurated by
cementation, and shows no signs of baking.

Locality 17. Section numbers, 204-207. Iligby Mountain. Percival’s Report, p. 851.
Percivul’s notation, E. 111. (4).

The eastern base of Higby Mountain, south of the road from Meriden
to Middleficld, is followod by the upper course of Fall Brook, which at
a point about a quarter of a mile south of the road lays bare a valuable
exposure of sandstone lying on the trap, locality 17 (Fig. 4). A second
exposure is found a little farther south, locality 17.. Numerous frag-
ments of vesicnlar trap enclosed in sandstone are found in the stream
for some distance northward.

The trap is porphyritic, and originally glassy ; upper surface very ve-
sicular, much decomposed, and uneven ; not excessively fine-grained at
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upper contact. Sand grains fill vesicles and irregulavities of surface,
conforming closely to their shape; intermixture of sand and numerouns
large and small trap fragments along line of junction ; occasional
rounded (water-worn) fragments of amygdaloidal trap even five fect
above trap sheet.

Locality 18.  Section numbers, 132-134. Lamentation Mountain. Percival’s Report,
pp. 851, 352.  Percival’s notation, E. II1. (5).

A road passes the north end of Lamentation Mountain and bridges
Spruce Creek, that flows northward from the back of the mountain.
Exposures of sandstone on the trap are found up and down stream from
the bridge; the best locality is about an eighth of a mile up stream,
south (Fig. 10), where the exposure is of much interest.

Trap porphyritic and glassy, particularly at upper surface; upper
contact not locally of close texture ; upper portion of irregular testure,
highly vesicular, with uneven, rolling surface ; sand grains fill fissures
and vesicles near surface of trap; narrow necks filled with the same
clastic material connect these vesicles with the sandstone above; inti-
mate and complicated mixture of sand and trap over the upper surface
(Fig. 15) ; stratification of sand in vesicles and above sheev conformable
to surface, and generally parallel.

Water-worn fragments of vesicular trap occur in sandstone for two
or three feet above surface of sheet. The vesicles in these fragments
often contain small particles of trap mixed with quartz and muscovite
grains.

Locality 19.  Section numbers, 136-150. Meriden City Quarry. Percival’s Report,
pp- 370, 371, Percival’s notation, E. IV. 1 (1).

The small easternmost ridge of the Hanging Hills group (Fig. 5
or 6) has been deeply quarried for railroad ballast and road metal at
its southern end, and now presents an excellent dissection of a complex
trap sheet, — the most instructive quarry in the region. It is about
a mile north from the centre of Meriden. The trap of the quarry con-
sists of a lower and an upper portion, separated by a well defined surface,
inclined to the eastward with the general dip of the Triassic monocline.
The lower sheet is exposed for about ten feet below the surface of sepa-
ration ; the upper, for sixty or eighty feet above it. TLower sheet ex-
tremely porphyritic, vesicular, and glassy; upper part scoriaceous, of
rolling, ropy surface, showing evidence of normal weathering previous
to quarrying. A small amount of foreign clastic material occurs mixed
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with scorize at contact with upper sheet. No local close-grained texture
at upper contact.

Upper sheet dense as far as exposed in quarry ; becomes somewhat
fine-textured at contact with lower sheet ; its original upper surface not
seen in the quarry, but half a mile northeastward on the east side of the
ridge, locality 19/ (Fig. 6), the trap becomes vesicular.  Several lines of
fault breccia traverse the quarry, consisting of large and small angular
fragments of trap contained in apparently unstratified sandstone ; often
slickensided ; the trend of these breccias agrees with that of the neigh-
boring faults, as determined by stratigraphic evidence. See special
account.

No other significant exposures of the main sheet have yet been found
in its further northward extension in Connecticut.

Division III. PosTERIOR RIDGES.

Locality 20.  Section numbers, 34-37, 74, 75. First ridge posterior to Saltonstall
Mountain. Percival’s Report, p. 324.  Percival’s notation, P. 1, E. 1.

The upper surface of this posterior ridge is exposed only near its
northeastern end, at a road erossing, about a mile northeast of Salston-
stall Pond (Fig. 11). Elsewhere the outcrops are generally dense, but
sometimes vesicular on the back of the ridge.

Upper portion of sheet very vesicular and glassy ; not locally close-
grained at junction with overlying sandstone; sand grains and trap
fragments occur together at upper contact ; sand fills vesicles in trap;
occasional water-worn fragments of trap in the sandstone a foot or more
above the sheet ; base of sheet sub-amygdaloidal.

Ridges of very coarse trap conglomerate oceur in the neighborhood,
but their relation to this sheet is not yet clearly made out.

Locality 21, Section number, 18-28, 187-192.  Second ridge posterior to Saltonstall
Mountain. Percival’s Report, p. 325. Percival’s notation, P. 2, I. 1.
According to our interpretation of the stratigraphy, this ridge is a
second outerop of the sheet already seen in the first posterior, here
showing a western dip, as if on the eastern side of a synclinal ; its hase
1s open in several small abandoned quarries near a road crossing, half a
mile northwest of Dranford station, Shore Line Railroad, locality 21
(Fig. 11) ; and its upper surface, with something of the overlying sand-
stone, is seen an cighth of a mile north of these quarries, on the eastern
VOL. XVI.—NO. 6. 8§
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side of a small pond, loeality 21/.  The great fanlt that uplifts the erys-
tallines on the eastern border of the Triassic formation passes close to the
southeast of this ridge, and is probably the cause of the reversed dip of its
sheet and of the local fracture and overturning that it exhibits.?  Trap
generally porphyritic and glassy ; dense at the lower contact ; several
exposures of fault breceia with the sandstone (Ilig. 17); trap sends
minute tongnes of pure glass into lower sandstone, and oceasionally en-
closes grains of quartz and feldspar. Highly cellular at npper surface
on northwestern slope ; its junetion with sandstone above is not marked
by local close texture ; sandstone immediately above contains numerous
fragments of vesicular trap ; intercalated beds of shale and trappy con-
glomerate oceur near base of sheet.

Locality 22, Section numbers, 31-33, 40, 78, 78. Ridge near Middlefield Station,
Air Line Railroad. Percival's Report, pp. 355, 356. Percival’s notation, P, 2 (S),
E. 1L (3).

This posterior is traceable for several miles on the east of Durham
Mountain, but the only satisfactory exposure is in a railroad cut, a little
way west from Middlefield station, Air Line Railroad. Base of sheet
sub-amygdaloidal as a whole, and locally very vesicular and uneven ;
snbordinate intercalated layers of trappy shale and irregular masses of
abundantly vesieular trap near base; some vesicles filled with clastic
grains of quartz, feldspar, muscovite, and fragments of glassy trap.
Upper surface very vesieular. Trap generally glassy and porphyritic,

Locality 23.  Scetion numbers, 24, 25, 72, Falls of the Aramamit River. Percival’s
Report, pp. 354, 355, Percival’s notation, P. 2 (N), E. 111 (4).

This is probably on the same posterior ridge as the preceding, althongh
its direct connection has not been traced. IRock Falls Station of the
Air Line Railroad is close by (Fig. 9). Trap generally glassy and por-
phyritie, and not locally close-grained at junction with overlying rock.
TUpper surface extremely vesicnlar, with many vesieles filled with clastic
material connecting with the main mass of sandstone above by narrow
necks.  Trap grains mixed with trap fragments at contact and for sev-
eral inches above. A beantifully water-worn pebble of trap was found
imbedded in the sandstoue several feet above the sheet.  Drift boul-
ders in railroad cut near by show contacts and mixture of trap and
sandstone,

1 Amer. Journ. Science, XXXIIL, 1836, p. 847 ; Bull. Muscum Comp. Zodl., Geol.
Series, 11, 1889, p. 72.
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Locality 24, Section numbers, 120-123.  Higlilind Lake. Percival’s Report, pp. 336-
323.  Percival’s notation, P. 4, E. 1LL (3).

The ridze posterior to Chuuney Peak is cut newr its southern cnd
by the Meriden, Waterbury, and Connecticut River wilroad, a quarter
of a mile east of Highlanud station (IFig. ). An excellent exposure.
Under contact not shown.  Trap generally dense ; originally glassy and
purphyritic; not locally close-grained at upper coutact ; upper portion
extremely vesicular; sand grains filling vesicles and fissures, their lines
of deposit conforming to the irregularities of the tiap surface (Mg, 14);
these deposits connected with the sandstone above by necks ; inequali-
tics in upper surface of trap covered by conformably stratificd sandstone.
Numerous angular, vesicular, large and small fragments of trap lying
above the shect; spaces between these filled with wregularly but con-
formably stratified sandstone; vesicles in fragments filled with sand;
some of the vesicles only partly filled, and in such cases the upper sur-
face of the filling is parallel to the dip of the Triassic monocline.

Locality 25.  Section numbers, 124-151.  Hartford .\ve. and N. Stanley St., New Brit-
ain.  Percival’s Report, pp. 381,334, Percival’s notation, P. (), E. IV, L (7).

The overlapping ends of the small trap ridges on the northeastern
border of New Britain are rezarded as faulted portions of a single pos-
terior shect ; a small stream flows between them.  The eastern ridge is
quarried, and discloses the base of the sheet ; the upper eontaet is found
where the stream runs on the back of the western ridge.

Trap generally dense, but eontaining local amygdaleidal areas, sur-
rounded by dense trap, as if produced by intermittent flowing; very
vesicular at upper surface, and originally possessing a glassy base ; sand-
stone immediately above contains water-worn grains and fragments of
much decomiposed trap.

Locality 26.  Scction numbers, 152-156.  Near Trinity College, Hartford. Percival’s
Eeport, pp. 385, 336, Percival’s notation, P. (¢), E. IV. L. (9).

This ridge is of doubtful relationship : it may be a second posterior
sheet, and therefore not divectly comparable with the previous examples.
Its middle portion and base are well exposed in large quarries. The
trap is gencrally dense; triangular areas between the feldspars coutain
a little glass 5 the lower portion is breceiated and extremely scoriaceous ;
obsidian-like grains of trap in shale immediately under trap; upper
portion vesicular, but overlying sandstones not scen.  Sce special
account.
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4. — Special Accounts of the more important Localities.

The following more extended descriptions of certain selected localities
are added, to give a better understanding of the fulness of evidence on
the question in discussion than could be obtained fromn the foregoing
summary.,  We thus present examples of what we interpret as an in-
trasive sheet at Roaring Brook, on Gaylord’s Mountain; a bed of vol-
canic ashes and bombs, presumably near the locus of eruption of one of
the extrusive sheets, in the anterior ridge of Lamentation Mountain g
the base of an extrusive sheet, at Hartford; the top of an extrusive
sheet in Saltonstall Mountain ; and extrusions of complex structure at
Meriden and Tariftville.

Roaring Drook, Gaylord’s Mountain.  Locality 3. — On entering the
ravine of Roaring Brook from the drift plain at the eastern foot of Gay-
lord’s Mountain, outcrops of sandstone are soon encountered with dip of
40° to the castward.  These are followed for several hundred feet np
stream until the rock in the stream bed is found to consist of fine-grained
trap, the line of contact having been passed nunoticed. A little search
is needed to discover it, but when once made ont it can be followed
with some distinctness.  In a general way, the trap sheet thus disclosed
lies parallel with the beds above it, but on tracing its surface up the ra-
vine, it is scen to depart significantly from perfect parallelism and comes
in contact successively with different beds.  Morcover, it gives forth
very distinet branches or leaders (Fig. 12), one of which extends for
twenty fect into the overlying strata.  The margins of these offshoots,
as well as the edge of the sheet itself, are tolerably even, in marked con-
trast with the excessive irregularity of the upper surface of the trap
sheets of the eastern ranges. The overlying beds give not the least
sign of trap fragments which so wenerally characterize the beds lying on
the hack of the eastern sheets. Tuking all these features together, and
placing them in contrast with those of the shects on the castern side of
the valley, there can be no question that their consistent differences
are due to some fundamental difference in the manner of cruption of
the lava.  We are forced to the conclusion, that the western sheet has
been driven in between the previously deposited beds of sandstone and
shale, while the others have been poured out on the surface of certain
beds, and afterwards buried under others of later date.  Study with the
microscope confirms this conclusion.  The trap of West Rock, a con-
tinuation of Gaylord's Mountain to the south, has been described petro-
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graphically by Hawes, and classed by him as a dolerite.!  Sections from
near the middle part of the trap sheet forming Gaylord’s Mountain do
not appear to differ materially in their mjcroscopic characters from those
of West Rock. The trap is holocrystalline far from its upper and lower
junction with the sandstone or shales, and, as has been pointed out by
Hawes, is much less altered, and contains fewer hydrated minerals, the
products of decomposition of the augite, feldspar, ete., than the erup-
tive masses forming Saltonstall Mountain, or the Durham range, to the
east. Hawes believed this difference to be connected with geographical
location, and thought it had nothing to do with geological age.? Ac-
cording to J. D. Dana,® the great alteration of the trap in the eastern
range took place at the time of ejection, and depended on the en-
countering of subterranean waters which the molten rock took up in
its passage through the sandstone strata. Hawes followed this view,
and thought the eruptive magma might in such a way assume the
diabase type, while under less humid conditions the same magma on
consolidating would form a dolerite.

It appears, however, that the difference in the hydration of the east-
ern and western traps can be better accounted for by original structural
and mineralogical differences incident to the very different conditions
under which the several trap sheets solidified. This will be referred to
again in the special account of Saltonstall Mountain.

In the trap from Gaylord’s Mountain, on approaching the overlying
sandstone, there is a gradual fining of the texture and an increased ten-
dency towards a porphyritic structure, the porphyritic crystals there
being set in an undifferentiated, non-polarizing base. The augite occurs
more rarely in well-outlined individuals, and constantly tends towards a
granular structure. Olivine, which has been detected in minute grains
in the same rock to the south, has once been abuudant at the Roaring
Brook contact, in well-outlined porphyritic crystals, but is now mostly
altered to a fibrous grass-green to yellowish-green serpentine, or entirely
replaced by pscadomorphous calcite or dolomite. The augite occurs
less and less plentifully upwards, and at two inches from the junction
with the sandstone it cannot be found even in grains. Accompanying
tho loss of angite and the increase of olivine, there is, especially at the
contact, a development of a non-polarizing base in which are scattered
innumerable acicular ledges of feldspar, some porphyritic, showing an

1 Amer. Journ. Science, IX., 1875, p. 186. 2 Tbid., p. 190.
3 Ibid, VI., 1873, p. 107



118 LULLETIN OF THE

arrangement paratlel to the adjocent surface of the sandstone. The
glassy base with its accompanying dots of ferrite is best shown in sections
from the narrow leaders running into the overlying sandstone (I'ig. 12).
These leaders penetrate the sandstone for a distance of several feet;
the largest, which is three inches wide at its beginning and over twenty
feet long, is seen under the microscope to be nearly pure glass, in which
minute double refracting areas are abundant; the smallest leaders are
mere threads, and in composition are essentially glass.

Althongh as a whole the western trap is little changed, marked al-
teration and hydration are shown in the upper surface of the trap of
Gaylord’s Mountain, and in the leaders; and it is to be noticed in con-
nection with the mueh greater hydration of the Saltonstall range, that
this zone of glassy trap corresponds to the general glassy base of the
extrusive sheets. By the association of the intrasive trap at Roaring
Brook with the coarse sandstone immediately above, it has probably been
brought into eontact with water to a greater or less extent, and part of
its alteration may be attributable to this canse. No amygdules occur
in the trap, except rarely one of a pseud-amygdaloidal character; there
is no tendency towards a mixture of the two rocks along the line of
junction, either of the kind seen above the extrusions or like the brec-
c¢ias known with certain intrusious.

The microscope affords no evidence that the conglomeratic sandstone
has been indurated by heat. The sandstone is much decomposed, owing
to alteration of its feldspathic constituents, and its grains are somewhat
incoherent. This failure to show induration does not, however, militate
arainst the intrusive origin of the trap.  Similar sandstone at the base
of Saltonstall Mountain exhibits no greater evidence of heat induration,
although it was surely subjected to a high temperature.

As far as both wmicroscopical and field evidence go, there ean be no
donbt that in the case of Gaylord’s Mountain we have a well marked
example of an intrusive sheet. No observers have given it a different
interpretation.

The Ash-bed in the Lamentation Anterior. Locality 8 (Fig. 5). — Two
miles north of Meriden, near the road leading to New Dritain, the fol-
lowing section is exposed in the ridge anterior to Lamentation Mountain.
The base of the bluil on the upper slope of the ridge shows a small out-
erop of fine-grained, brownish red sandstone ; immediately above this
there are twenty or more feet of tufa-like material, containing oval and
discoidal areas of close-grained trap that we have interpreted as voleanic
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bombs. Above the tufaccous deposit is a sheet of very amygdaloidal
trap, overlain by a dark pinkish gray sandstone, carrying two thin sub-
ordinate layers of trappy material a few feet over the contact. In the
hand speciinen and under the microscope, this sandstone appears identi-
cal with the fine matrix of a trap conglomerate noted by Percival as
oceurring half a mile to the north, and presumably forming the strati-
graphical equivalent of the tufuccous deposit at this point. The se-
quence of outerops here disclosed is one of the most valuable that it has
been our furtune to discover, and has attracted much local attention
since it was found in the spring of 1887, It will well repay attentive
examination. The following account refers in greater part to its micro-
scopic structures,

Under the microscope the material of the bluff enclosing the voleanic
bombs is found to be made up of small fragments of trap, generally very
fine-grained and much altered. Small greenish brown areas dotted
thickly with ferrite are non-polarizing as a whole ; these appear to be
voleanie glass, A few porphyritic ledges of plagioclase occur in them,
Most of the ernptive grains have been altered to chlorite and quartz,
and are intimately mixed with granular caleite. The microscope fails
to discover any grains of water-worn quartz or other elastic material,
although it is probable that more or less normally deposited sediment
occurs thinly scattered through the mass. No stratified arrangement
of the trap grains is noticeable in the microscopic sections, except an
orientation of chlorite plates parallel to the stratification of the sand-
stone on the back of the ridge, and to a rude lamination brought to sight
in the face of the tufaceous bed by weathering.  Following Geikie, this
bed would be called a tufy, consisting of a shower of lapilli. It appears
to have been deposited rather rapidly in a body of water, and probably
at no great distance from a point of eruption, as it soon disappears to
the north and west. It is traceable a mile and a half to the southeast,
in localities 6 and 7.

The volcanic bombs occurring with the lapilli give the face of the
bluff a curious mottled appearance. They show no definite arrangement,
but are more numerous near the bottom of the bed, where one of them
seems to have imbedded itself in the underlying sandstone ; they are
remarkable for their non-vesicular character and their compact uniform
texture from the centre to the surface. The microscope detects no
variation in texture in any part except that due to a partial alteration
of the surface. It shows them to be extremely close-grained, with por-
phyritic crystals of augite set in a ground mass of minute plagioclase
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needles and brownish glass. As regards their origin the microscopic
study yields no solution, but the field evidence leaves little doubt in the
observer’s mind. The thin trap sheet overlying the lapilli is, wherever
observed at this locality, more or less vesicular, and in many places
cavernous. The greatest vesicularity is at its upper surface, and in the
hand specimens from the contact with the sandstone above the sand is
seen to have minutely penetrated the cavities and fissures of the scoria-
ceous amygdaloid. The sand grains not only occupy surface vesicles,
but they have percolated along cracks and irregularities in the trap to
a depth of two feet below the surface; in some eases, they appavently
lie between or surround large areas of amygdaloid. Irving speaks of
similar phenomena in connection with the upper surfuces of extrusions
in the Lake Superior region, and refers to them as sandstone * veins.”’!
The lamination of the overlying sandstone 1s parallel to the surface of
the trap, conforming closely to its winor irregularities. Flowage action
is seen in the trap in the elongation of its vesicles.

An interesting point is the oceurrence of two thin layers of tufa in the
sandstone just above the trap, each about an inch in thickness and about
a foot apart. These layers appear in the hand speeimen of a rusty brown
eolor, composed of water-worn fragments of trap mixed with elastic quartz,
and have a mueh weathered appearance. Under the mieroscope their
tufaccous character is well shown; vesicular porphyritie trap grains
abound, and others of non-polarizing eharacter are derived from yellow-
ish ¢lass, now partially or wholly devitrified. Mixed with the trap frag-
ments, there are abundant grains of quartz, museovite, and orthoclase,
probably derived from the crystalline rocks which snrround the Triassic
formation. The tufas as well as the sandstone effervesce readily with
dilute hydiochloric acid, owing to the presence of secondary caleite.
The sandstone owes its dark color in a large part to the presence of
comminuted dust-like particles of extremely weathered trap, scattered
through it and now altered to earthy ehlorite and fine dots of ferrite.

The several wellinarked features of this interesting locality leave
no donbt that the trap sheet here is of extrusive origin.

Ilartjord City Quarry. Locality 26.—One of the posterior sheets, as
vet not safely eorrelated with other outerops, forms a ridge of moderate
heicht, with strong western bluff, in the southern part of Hartford,
where it is extensively quarried for road material. Trinity College

stands on its eastern slope.

1 Copper-Bearing Rocks of Lake Superior, Monogr. V., U. S. G. S., 1883, p. 202.
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The upper portion of the sheet is vesicular, but its upper contact is
not seen.  The under contact is well revealed in the quarry, and affords
the best exposure for the study of the base of a sheet that we have
yet found. It is of interest also as being the locality described many
vears ago by the elder Silliman.! Yet this particular contact is not
altogether characteristic of the under contact of most of the extrusive
sheets, for as a rule the junction of the trap with the shale is without
complication of any kind: one lies smoothly on the undisturbed sur-
face of the other.

The underlying shale of the quarry will be first considered. Four
inches below the trap, the shale locally consists of tufaceous mate-
rial.  Round and linear fragments of yellowish brown glass are seen
under the mieroscope, thickly sprinkled with minute particles of some
decomposition product of iron. These partially devitrified glassy areas
are undoubtedly the remains of obsidian-like fragments deposited as the
normal result of erosion from some volcanic flow, or as ejected matter
from a voleanic vent. In either case, voleanic vents sent forth showers
of ashes or flows of lava, presumably at no great distance from this
point, and at the time of the deposition of the sandstone.

The contaet line between the bottom of the trap and the under-
Iying shale is as a rule irregular and indistinct. The lower portion
of the trap for a distance of four feet presents a very vesicular and
scoriaceous appearance, not unlike the upper surface of the lower flow
exposed in the Meriden Quarry. The microscope shows portions of this
scoriaceous material thickly sprinkled with well marked gas cavities,
many of them having a linear arrangement, roughly parallel to the
upper surface of the shale, due to the flowing aetion of the trap while
in a viscous condition. The same parallelism is also well shown at the
upper surface of the first flow in the Meriden Quarry, locality 19.

The trap for a thickness of several feet is not ouly abnormally scoria-
ceous, but is extremely broken. Irregular and rounded areas of vesicular
trap are apparently cemented together by brown caleareous sandstone
possessing a lamination gencrally parallel to the stratification of the shale
below. The miecroscope shows these brown areas to be mixtures of
secondary quartz, ealcite, and a little chlorite, arranged in layers ; they
must have been deposited by infiltrating waters. The texture of the
trap gradually increases in coarseness as we approach the central part
of the sheet, and then grows porphyritie and finer-grained near the up-
per surface. Careful search has failed to discover its upper surface in

! Amer. Journ. Science, XVII., 1829, pp. 121-132.
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contact with shale or sandstone on the eastern slope of the ridge, but it
is generally very vesicular, and resembles in all particulars the upper
surfaces of all the well determined extrusions in the valley.

If the abnormal scoriaceousness and broken character of the under
surfuce of the trap be rightly mterpreted as a result of the flowing be-
neath water, then its anomalous character, as compared with the lower
contacts of numerous other extrusives in the valleys, remains to be ex-
plained.  We have httle direct evidence on this point, but conclude, as
sutlicient heat and moisture to form a scoriaceous texture at the bottom
of the flows were present in all cases, that some other factor must deter-
mine the variation between the considerable disturbance manifested
here and the lack of disturbance at the contact of sand beds and the
base of flows in other localities. The most available additional factor is
a variation of pressure, and this would be a minimum at the base of a
thin flow in shallow water. The Hartford sheet is probably not over
forty feet in thickness. Emerson has deseribed a similar disturbance
and brecciation at the base of a rather thin tlow in Massachusetts. It
may therefore be the case that thin lava flows in shallow waters develop
an unusually scoriaceous structure at their base as they advance.

Saltonstall Mountain.  Localities 14 (Fig. 2) and 14/. — The curved
outline of this ridge secms to be the result of a gentle folding after
the sheet had taken its place in the bedded series, rather than a conse-
quence of conditions attending the time of eruption; the same may be
said of the larger and somewhat more irregular curve of Totoket Moun-
tain, next to the north. There is an almost intuitive hesitation before
the suggestion that anything so massive as a lava sheet could be folded,
but this must disappear on recalling the strong folds of the heavy sand-
stones of Pennsylvania, or the stupendous contortions of the gneissic
rocks on which the Triassic formation rests. If the sheet were intrusive,
it might, to be sure, have wedged its way in between the sedimentary
beds after they had been tilted and gently folded, thus accepting their
guidance as to the fornr its outerop should present ; and this has been
currently believed, hoth here and in the case of the similar but larger
curves of the trap ridges in New Jersey. 1t is therefore of more than
local importance to determine whether the Saltonstall sheet is an intru-
sion or an extrusion ; for if the latter, it surely cannot have originally
taken its present form, but must have passively suffered deformation
from an initial horizontal attitude.

The small opportunity for observation of the contacts of thix sheet
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with the adjacent beds has already been mentioned. The base is scen
in the Shore Line Railroad cut, locality 14/. The back of the sheet
has been carcefully searched from one end to the other with no snccess
except in the little gully in its northern hook, locality 14 (IYig. 2), but
the general uneven and scoriaceous texture of its upper portion is con-
tinuously visible for two miles or more as it dips under Saltonstall Lake
this is seen to best advantage by rowing along the shore in a boat,
which may be obtained at the southern end of the lake.

The base of the trap sheet for a distance of several feet is decidedly
amygdaloidal and close-grained ; and, owing to its broken character and
the subsequent infiltration of secondary quartz and caleite, it locally
rescmbles a breccia.  Under the microscope, the trap is seen to be very
amygdaloidal, and the vesicles are elongated by the flowing of the trap
conformably to the line of junction with the sandstone below. Speci-
mens of this breceia-like mass appear identical to the eye and under the
microscope with those from the base of the anterior at the north end of
Totoket Mountain, locality 4.

Round areas of a brownish material resembling water-worn fragments
of sandstone are apparently enclosed by the trap near its junction with
the sandstone, but the microscope shows these to be secondary deposits
in vesicles, and to consist of quartz and granular ealcite, products of
alteration, stained brown by iron. Similar areas are found at the base
of a trap ridge on the northeastern limits of New Britain, locality 25,
where Percival erroneously refers to them as consisting of dark red jas-
per, the produet of the indurating action of the trap;! also at the base
of the tufaceous bed of the anterior to Lam. tation Mountain, local-
ity 8, and at the Hartford City quarries, locality 19. A scction of sand-
stone three inches below the trap sheet of Saltonstall shows water-worn
fragments of trap, aud denotes that at the time of the deposition of the
sandstone layers there were bodies of trap undergoing erosion in the
neighboring region : they may have been derived from the front of this
very sheet before it had advanced so far as the locality in question.

The npper surface of the trap forming Saltonstall Mountain is ex-
tremely vesicular and irregular ; the vesicles are sometimes well defined,
sometimes vagne, indicating both gas expansion and replacement as
their cause.  The testure shows a distinct decrease in coarseness as we
approach the upper contact, although the upper portion, as a general
rule, is more coarsely crystalline than the lower portion in contact with
the sandstone. Pumpelly speaks of this fining of the texture on ap-

1 Geol. Conn., 1842, p. 383.
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proaching the upper surface as common to all amygdaloids studied
by him in connection with the copper-bearing rocks of Lake Superior;
and these sheets are well known to be extrusive.! It is to be noted
here that coarseness of texture, even at the base of lava flows, presum-
ably depends, other factors being the same, on whether extrusion takes
place on land surfaces or under water; so that we should expect the
trap to be much finer in grain when extrusion takes place under water,
since texture is a function of rate of cooling.

When a section across the upper contact is examined under the
microscope, the lamination of the sandstone, which occupies the in-
equalities in the upper surface of the trap, is seen to conform to the
general contour of the hollows. This conformity is usually visible in
the thin section, even when uot noticeable in the hand specimen; it is
of common occurrence in other localitics along the eastern ranges, and
is highly significant of the deposit of the sandstone subsequent to the
eruption of the trap. Sections of the trap at the upper surface of the
sheet also exhibit vesicles, more or less open upwards, which are partly
or wholly filled with stratified clastic deposits, connected with the over-
Iying sediments by narrow necks. In some cases the sand-filled cavi-
ties are apparently isolated in the trap, but this appearance is owing to
the fact that the thin section is transverse to the opening along which the
sand grams filtered into the cavities. The clastic grains occupying
the vesicles are nusually of the most enduring minerals derived from the
ancient crystalline rocks, on the side of the Triassic estuary : these are
quartz, various feldspars including microcline, hornblende, and musco-
vite, cemented together by granular calcite stained red by ferric oxide.
Small fragments of vesicular trap occur here also, not the least interest-
ing of the constituents. The grains first deposited are generally ar-
ranged with their longer axes roughly parallel to the contour of the
lower portion of the vesicle; grains later deposited appear approxi-
mately parallel not only to one another, but to the general stratification
of the main mass of overlving sandstone, and also to the stratification
in a number of similar vesicles in the upper portion of the trap sheet
at this point. So highly specialized an occurrence of clastic mate-
rial in vesicles at the surface of a trap sheet can have but one inter-
pretation : the trap sheet is extrusive. Like the conformity of the
sandstone or shale to the upper surface of the trap, the clastic filling of
the surface vesicles is very characteristic of the eastero rauges, and is

1 Metasomatic Development of the Copper-Bearing Rocks of Lake Superior,
Proc Amer. Acad., XIIL., 1877-78, pp. 282, 233.
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particularly interesting in the way it recalls the details of the slow
process by which these trap sheets were buried. Irving mentions the
occurrence of filled vesicles at the upper surface of the diabases and
diabasc-porphyrites of the Keweenawan series of Lake Superior, and
cites it as one of the strongest proofs of the extensive origin of these
rocks.?

Fragments of vesicular trap are not uncommon in the sandstone im-
mediately overlying the surface of the sheet ; their edges appear some-
what water-worn. It is of course possible that such fragments as these
might have been derived with the sand from some distant source, and
that they therefore do not in any way bear on the contemporaneous
extrusion of the subjacent sheet. In such a case we should expect to
find fragments of trap at various horizons in the Triassic scries, showing
no definite association with the intercalated trap sheets, but this is not
the fact.  The sandstones and shales throughout the valley here and
there contain abundant fragments of trap, but, except in a few cases
that will be specified, the fragments oceur only in the bed immediately
overlying some one of the sheets of the eastern trap ranges; the frag-
ments are commonly vesicular, and as sueh cannot have survived long
transportation ; they are moreover but imperfectly water-worn, if at all,
and are sometimes angnlar, and can therefore be referred only to a
source close at hand. It seems reasonable to conclude, on these several
grounds, that the trap fragments in the sandstones that rest on the trap
sheet of Saltonstall Mountain may be accepted as giving indication that
the sheet had been formed before the deposition of the sandstone above
it.  The action of waves and tidal currents on the scoriaceons, irregular,
and fragmental surface of a lava flow wounld be entirely competent to
detach and transport relatively coarse pieces of the lava from more to
less exposed sitnations, and mingle them with fine sands derived from
more distant sources; and this process might continne with decreasing
activity until the last remaining knobs of lava were buried under the
growing sandstone cover. This inferpretation is the only one that ap-
pears consistent with the facts here noted. The sandstone lying on the
back of this trap sheet is distinctly harder than is common in the region,
and our first impression was that its hardness was due to baking, and
that the trap sheet was intrusive ; but this is not in the least borne out
by more careful study. The hardness of the sandstone is dne to
cementation by infiltrating ecalcite in chief part, and not at all to
change from the ordinary structure of sandstone. The sandstene on

I The Copper-Bearinz Rocks of Lake Superior, Monogr. V., U.S. G. 8., 1833,
pp 79, 130, 140,
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the back of the Totoket sheet, locality 16, is similarly indurated, and
shows as little indication of baking.

In review, it may be said that the absence of any tendency towards
a finer crystulline texture in the trap immediately at the contact with
the larger sandstone areas, the highly vesicular texture of the upper
portion of the mass, the parallelism of the axes of the sund grains and
of the lamination of the deposits that they form, the connection of the
saud filled vesigles by narrow necks with the sandstone above, and the
oceurrence of trap fragments in the overlying sandstone beds, all poiut
to the extrusive origin of the trap sheet, aud to the subsequent depo-
sition of the sandstone upon it.  After reaching the conclusion that
the Saltonstall sheet is extrusive, it may be profitably compared with
the West Rock and Gaylord Mountain sheet.  The first contrast to be
mentioned, aud the one most conspicuons in the tield, is the presence of
numerous vesicles in the upper portion of the eastern sheet, and their
absence in the western : this we wonld refer to the small pressure
upon the surface ot the extrusion at the time of its cooling. The
few vesicles near the base of the sheet may have been produced at
the front of the advancing flow, when its thickness was not so great as
afterwards.  Next may be mentioned the weneral holoerystalliue, non-
porphyritic, and relatively coarse texture and the small degree of altera-
tion of the western sheet, while the eastern is more or less classy and
porphyritic thronghout, and greatly altered. The eruption into water
and the highly scoriaceons textnre of the upper portion must have
favored quick cooling and subsequent alteration in the eustern sheet,
without normal subaerial weathering; the effect of the presence of
much glassy base must also be considered, for this is peculiarly prone
to alteration; it is now as a rule wholly devitrified to chloritic sub-
stances, microliths, ferrite, ete.  Dut none of these factors could affect
the intrusive sheets; their imprisonment between the beds deep be-
low the surface would allow them to cool slowly, and thus acquire
a coarse texture, and would decrease the rate of hydration and altera-
tion ; for these reasons we find thiem preserving in a great degree their
original characteristics. It shounld be noted, however, that inasmuch as
a thin extrusive sheet is vesicular through a greater proportion of its
mass than a thick sheet, thick lava flows may be much less altered
than thin ones. Thus the heavy sheet of Monut Tom in Massachusetts
is practically anhydrous, while the thinner sheet of Saltonstall Mountain
contains 3.9¢ of water.!  Finally, there is a wmost marked and per-

1 Hawes, loc. cit.
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sistent contrast between the features of the upper eontact in the western
and eastern sheets. These need not be again stated ; suffice it to say
that the features of the western sheet demonstrate the trap to be sec-
ondary to the sandstone, while those of the eastern sheet are equally
conclusive in showing the sandstone to be sceondary to the trap. It
does not seein too mmuch to say that all the many peculiar features of
these two sheets find reasonable explanation as consequences of the
strongly different conditions of their origin.

The localities referred to above as yielding trap frhgments, but not
lving on the back of a trap sheet, are the trap conglomerate of the
anterior to Lamentation Mountain, which is certainly the stratigraphic
equivalent of the adjacent trap sheet; the heavy trap conglomerates
northeast of the first posterior ridge to Saltonstall Mountain, which are
perhaps to be associated with the posterior, although probably dislo-
cated from it by faults; and a single case sonth of Durham, where one
fragment of vesicular trap was fonnd in a conglomerate, distant from
any trap sheet, but near the eastern crystalline boundary of the for-
mation.

Meriden Quarry.  Locality 19 (Figs. 5, 18). — The Meriden City
quarry, in the easternmost ridge of the Hanging Ilills group, has been
attentively studied, and with much profit. Suites of specimens were
earefully collected from above and below the surface of separation be-
tween the upper and lower masses of trap which appear here, with a
view to examining the evidence of double flow presented. Numerous
specimens were also taken from the linear breccias of sandstone and
trap fragments which traverse the quarry, in order to eompare them
with- fragments of sandstone included in trap, such as occurin a dike
at Mount Carmel, locality 27, several miles to the southwest, and to
discover if they shonld in any way bear on the intrusive or extrusive
origin of the Meriden sheet.

The lower mass of trap, a, @, Fig. 18,1s seen beneath the upper, 5, &, b,
on the west side of the quarry, where abundant evidence may be found
to show that the two were produced by separate eruptions. They are
divided by a somewhat irregular surface, like that of rolling ropy lava,
and usnally marked by a seam, more or less open to the weather. The
lower trap is changed to a reddish brown color for a depth of three feet
or more below its npper surface, and eontains numerons amygdualar areas
of chlorite, giving it a mottled appearance. simulating an altered snd-
stone to the eve. The reddish brown color gradually disappears down-
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ward, and at four feet below the junction it is replaced by an earthy
blue-green trap having abundant amygdules of chlorite and calcite, and
to the eye appearing much fresher than the reddish trap.

Numerous sections were cut from the red superficial portion of the
lower sheet, and from its contact with the deunse trap of the upper sheet.
in order to detect auny clastic material that might oceur there. Very
little was found, but immediately npon the upper surface of the lower
sheet a thin layer was discovered consisting of rudely stratified grains of
clastic quartz and orthoclase, mixed with angular fragments of trap,
like that of the red seam. Some of the trap grains are glassy, non-
polarizing, and of a light green color, thickly sprinkled with minute
dots of ferrite. They are probably fragments of the punice-like surface
of the lower sheet; other grains are amygdaloidal, and contain small
ledges of some triclinic feldspar. The whole is cemented together by
quartz and calcite. There is no marked tendeney towards a stratified
arrangement of the grains, such as characterizes deposition in water.
The trap grains appear to have been the result of the comminution of
scorize on the surface of the lower sheet during the ordinary progress of
subaerial erosion, while the occasional grains of orthoclase or quartz
may have been deposited by wind or stream action; and from this we
have snpposed that the thickness of the lower sheet was somewhat
greater than the depth of the water into which it flowed. Hitcheock
long ago noted that the reptilian tracks in the sandstones in Massa-
chusetts occurred chiefly in the beds closely overlying the trap sheets,
as if the depth of the Triassic estuary had been decreased for a time by
the lava that had flowed into it.

The lower trap of the quarry at ten feet below the red seam, where it
is the least altered as far as the quarry exposes it, is fine-grained, of
a dark greenish blue color, and of a uniform textnre, containing abun-
dant amygdaloidal cavities. Mineralogically it is composed of extremely
altered porphyritic crystals of plagioclase in a ground mass of minute
crystals of the same, which are in turn set in a matrix of the nnindi-
vidualized base. The- base in places is a vellowish green glass, and in
others is wholly devitrified. The angite that it undoubtedly contained
originally has been entirely removed by alteration. Caleite and secon-
dary quartz are abuudant, the former so plentiful that the rock effer-
vesces readily, even with very dilute hydrochloric acid.  Under the
microscope, the rock appears profoundly decomposed ; its numerous
amyedules being due to replacemenc, with the occasional exception of a
well-outlined cavity, the result of gas expansion.  Admitting the orizinal
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presence of augite, the lower sheet would be classed as a glassy form
of angite-porphyrite.

The texture of the rock steadily grows finer, and the cavities due to
gas expansion more numerous, as we approach the surface of junction
with the upper sheet ; and there is at the same time a marked increase
in the amount of glass forming the base. At five feet below the contact
the vesicles occupy nearly one fourth of the space, and in slide 140 of
our collection they are seen to be elongated parallel to the surface of
contact, as if indicating flowing action. The origin of the vesicles by
gas expansion is beautifully shown in this slide by the well marked
tangential arrangement of the feldspar crystals about the elongated and
tortuons amygdaloidal cavities, conforming even to their minor irregu-
larities.  Scctions from the red seam, just under the junction, show
this portion of the trap to have been blown almost to shreds by the
escaping gases. The scoriaceous character here cannot be doubted ;
fully two thirds of the rock is made up of secondarily deposited calcite
and quartz, filling the irregular cavities and vesicles of the porous mass.
The inter-vesicular areas consist of a greenish glass, thickly sprinkled
with hair-like microliths of feldspar and an occasional porphyritic crystal
of the same. The red color of the seam is due to the formation of iron
sesquioxide. Hawes noted that the oxidation of iron-bearing minerals
exposed to surface weathering is from the protoxide to the sesquioxide
state, while the change is from one protoxide to another when not thus
exposed, as is true of the eastern ranges.! It therefore seews likely that
in this instance the red color of the surface of the lower sheet indicates
surface weathering before the upper sheet was erupted, thus confirming
the suggestion already made, that the thickness of the flow was great
enough to raise its surface above water. It is rare that this red color is
seen in the traps of the Triassic area.

The scoriaceous character of the sheet at its upper surface is much
more strongly marked than in others thus far examined in the Connecti-
cut valley ; this is also thonght to be connected with the appearance of
the surface of the sheet above the surface of the body of water into
which it flowed. Cooling under the air must have taken place much
less rapidly, and under much less pressure, than when below the water
surface, thus permitting a more complete expansion of the occluded
gases and the production of a highly pumiceous surface layer.

The trap of the upper sheet just above the red seam appears in the
hand specimen much less altered than that from below. Even at the

1 Amer. Journ. Science, IX., 1875, p. 190.
VOL. XVI. — NO. 6 9
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contact with the scoriaceous upper surface of the lower trap, the rock
is sufficiently coarse to detect porphyritic plagioclase crystals; but
amygdules are entirely wanting. Under the microscope a few pseud-
amygdaloidal areas are seen. The rock shows evidence of an original
glassy base, seen in the triangular areas between ledges of feldspar ; it is
made up of triclinic feldspar, magnetite, and occasionally a minute grain
of olivine. There is a slight local tendency toward a porphyritic struc-
ture ; but this is lost ten feet above the lower trap. Calcite and chlorite,
the usual decomposition products, occur at the base, the latter being
sufficiently abundant to give the rock a greenish color next above the
red seamn; this is lost ten feet above the contact, and the great mass
of the upper sheet is of a very dark bluish color and holocrystal-
iine. The mineralogical composition given above is that of a normal
diabase, the amount of olivine being so small that it can hardly be
classed as an olivine-diabase. While the upper surface of the lower
trap is abnormally scoriaceous, the base of the upper sheet is abnor-
mally coarse and free from vesicles, as compared with other trap
sheets resting on sandstones or shales. This can be explained by the
well known poor conductivity of volcanic scoriaceous substances, whose
presence here permitted the upper trap to cool and solidify slowly,
and produce a more complete crystallization. A practical illustration
of the low conductivity of such material is found in the use of scum or
slag trom iron furnaces as a packing for steam pipes.

The lower sheet may be confidently called an extrusion, but as far
as this quarry goes, there is nothing to determine the origin of the up-
per sheet. This, however, is fully settled by the general field evidence
of the region, which correlates this whole mass with the heavy sheet of
Lamentation Mountain, and that sheet has been clearly shown to be
extrusive.

The field evidence here referred to concerns the occurrence of faults,
which, as is so generally the case, are at nearly all points buried under
surface waste. It is therefore of particnlar interest to examine the
bands of breccia (v, ¢, ¢, Fig. 18) by which the quarry is characterized, as
they are best interpreted as small examples of the great dislocations by
which the strncture and topography of the formation are deciphered.
The breccias therefore deserve attentive study. The apparently unbed-
ded sandstone, of which they in good part consist, is best interpreted as
a fine clastic filling of the fault fractures, derived from above, where the
walls were of sandstone or shale, and gradnally filtered down among the
large and small angular block$ of trap that were broken from the quarry



MUSEUM OF COMPARATIVE ZOOLOGY. 131

sheets ; but, on the other hand, the sandstone might also, until its con-
tinnity in bands across the quarry was noticed, be regarded as fragments
of sandstone picked up and included in the trap at the time of its erup-
tion: not that such inclusions would necessarily indicate intrusion, for
extrusive sheets are well known to contain fragments oft be adjacent
country rock.

The general attitude of the several bands of breccia negatives the
second interpretation. The bands all maintain a straight conrse
through the quarry; a single band may cut the lower, as well as the
upper sheet ; the bands stand at right angles to the general extension
of the sheets ; they are parallel to one another and to the course of the
large faults by which the region is broken. The dividing surface be-
tween the lower and upper sheet in the southern end of the quarry is
seen to be dislocated by one of the bands, with small heave on the east,
this being the relative displacement of the large faults in the region.
Neglecting this sufficient series of indications of their origin, we ex-
amine their structure more closely, and discover that they are fre-
quently slickensided, and that the trap fragments that they contain are
sometimes broken since taking their places in the bands. Moreover,
these trap fragments are themselves included in the sandstone matrix
of the bands ; the fragments are angular, and show no variation of tex-
ture from centre to surface; the sandy matrix contains small broken
grains of sandstone, as well as of sand. Again, if the sandstone which
accompanies the trap fragments had been picked up and included in the
main mass of trap at the time of eruption, it should present evidence of
the action of heat, as in induration, or more likely in some alteration,
for the relatively small areas of sandstone in so large a mass of trap
must have long been subjected to intense heat. With this idea in
mind, a comparison was made of sandstone from the breccia bands with
a block of sandstone in a large dike a little north of Mount Carmel
station, New Haven and Northampton Railroad, locality 27, to which
Professor Dana had called our attention. The blocks of sandstone in
this dike are five or six feet long and two or more wide. When strnck
with a hammer they give a ringing sound, characteristic of induration.
Sections of the sandstone show it to be principally composed of quartz
grains mixed with fragments of feldspar, and closely cemented by a
clayey material. While it exhibits no significant alteration in composi-
tion from ordinary sandstone, it cannot be doubted that its exceptional
density was the result of the dehydrating action of heat from the molten
dike on the kaolinite that formed the clayey cement. The contact of
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the dike and sandstone is sometimes blurred, as if they had been lo-
cally melted together ; and the texture of the dike becomes finer on ap-
proaching close to the included sandstone fragments, just as it does on
approaching its sandstone walls.

Returning to the quarry, we find that the sandstone from the breccia
bands has no indication of induration, except that resulting from the
moderate cementation of its clastic material by secondary quartz and
calcite deposited around the grains. Sections of the sandstone in con-
tact with the included trap fragments and with the main mass of the
trap sheet show a well marked laminated arrangement of the sand grains
nearly parallel to the walls of trap and to the faces of the trap frag-
ments ; this points decisively to the deposition of the sandstone poste-
rior to the eruption and fissuring of the trap. There is also a laminated
arrangement of the sand grains on all sides of the trap fragments, as far
as examined, which we do not fully understand, but which may be per-
haps interpreted as indicating continued motion of the faulted masses
while the breccia was still moist and soft, every trap fragment moving
as a whole and thus calling for an adjustment of the sand grains around
it. There is no change in the texture of the enclosing mass of trap on
approaching the breccia bands, such as would certainly appear if the
sandstones were inclusions. A change of texture is so characteristic of
rapid marginal cooling that it is often shown immediately at the bor-
der of large amygdaloidal cavities, as has been mentioned by Pumpelly,?
and as is well marked in our slide 141, from near the upper surface of
the lower trap in the Meriden qunarry, and again still better in slide
218 from the Middlefield Railroad eut, locality 22, in which a nearly
spheroidal vesicle is surronnded by a layer of trichitic glass having an
area as large as the vesicle itself.

In order to apply this test carefully to the case in hand, several sec-
tions were cut from the trap in the quarry, on either side of the best ex-
posed breccia, at the contact, snd one and four feet away. These show
no tendency towards a finer grain, or towards a development of porphy-
ritic crystals or glassy character on nearing the breccia; the character
of the trap remains constant to the contact. Moreaver, the angnlar
fragments of trap in the breccia are of uniform texture, and are identical
with the trap on either side, except for a little greater weathering in the
former. These fragments may therefore have been derived by fracture
directly from the enclosing walls ; but certain minute grains of very
fine-grained decomposed trap, also occurring in the breccia, appear to

1 Metasomatic Development of the Copper-Bearing Rocks, loc. cit., p. 283.
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have been derived from the upper snrface of the surrounding trap. or
from another trap mass above.

We therefore conclude, in reviewing the examination of the breccias,
that sand and sandstone grains and a moderate share of rounded grains
of close-textured normally eroded trap were all filtered together down
the fissures that traversed the sandstones and trap sheets, and that on
reaching the points exposed in the quarry they found a confused mass
of large and small angular fragments of trap, broken from the walls at
the time the fissures were made, the whole forming a highly character-
istic breccia. Such breccias are not uncommon in the valley, as at
Branford, locality 21 (Fig. 17), where they are associated with the great
fracture by which the formation is bounded on the east; and in the
Tariffville Railroad cut, locality 13, of minor importance. Percival knew
a few of them, and called them “clay dikes.”! While our conclusion may
therefore be considered well supported, it must be remembered that
the breccias do not afford any evidence as to the intrusive or extrusive
origin of the trap sheets, and are thevefore to be regarded as of secondary
importance in this essay, however valuable they may be structurally.

Tariffville.  Locality 13. — One fourth of a mile east of Tariffville
station on the Connecticut Western Railroad (Fig. 8), a cut exposes a
valuable section of the anterior ridge.? The greater part of the cut is
in massive trap: a narrow band of breccia occurs near its middle. At
the eastern end of the cut, the upper portion of the sheet shows a thin
bed of tufaceous material, which locally passes into a bed of trappy
sandstone along the strike ; and above this there is a second sheet of
compact trap of moderate thickness, with its upper surface lost in drift.
The two sheets together constitute the anterior ridge at this place.
There appears to be little if any lithological distinction between them ;
they are both glassy varieties of augite-porphyrite. The upper surface
of the lower trap, although generally amygdaloidal, is not so much so as
is usually the case. TImmediately beneath the sandstone layer, the
amygdaloidal cavities have an aberrant character, being several inches
in length and generally about one fourth of an in inch in diameter, with
their longer diineusion normal to the surface of the sheet. Amygdules
in such cavities have been described from one of the extrusive copper-

1 The relation of these breccias to the faults of the region is more fully dis-

cussed in a previous Bulletin of this volume, No. 4, p. 77.
2 See an account of this locality by W. North Rice, in the Amer. Journ. Science,
XXXII., 1886, pp. 430-433, where it was first brought to public notice.



134 BULLETIN OF THE

bearing traps in the Lake Superior region, where many of them were
composed of native copper ; hence the name * spike amygdules,” as given
by Pumpelly.!  Irving also mentions them from the same locality, and
Hawes refers to similar ones occuring in the trap of Connecticut as
“ pipe-stem ” amygdules.* Nason notes their occurrence in the trap of
the Watchung Mountains in New Jersey,® which Darton thinks is of ex-
trusive origin,® and Winchell reports them in greenstone from Thes-
salon Point, Ontario.® Their occurrence in the lower trap of the
Tariffville cut is restricted to a zone of little depth near the surface of
the sheet, where it may be supposed that escaping gases found the
easiest direction of expansion to be toward the surface; hence their
peculiar position. A fortunate breaking of the trap may liberate one
of these rod-like amygdules; they are composed of concentrically de-
posited calcite with a chlorite centre, or more rarely the chlorite centre
is wanting and the amygdule is now hollow. An occasional amygdule of
ordinary form associated with the spike amygdules is beautifully banded,
with its lamination parallel to the stratification of the sandstone above,
and hence dipping with it at the same avgle, about twenty-five degrees
southeastward. Under the microscope, the bands are seen to be com-
posed of granular calcite and secondary quartz, the banding being due
to fluctnations in the supply of ferric iron during the process of filling
the vesicles. The lower part of the amygdules is extremely granular and
ferruginous ; the upper part usually consists of composite calcite indi-
viduals, and is free from iron. Some amygdules near the surface contain
grains of clastic quartz or orthoclase lying in the calcite filling, as is so
common in the eastern sheets, and arranged with the major axes of the
particles parallel to thebedding of the sandstone and lamination of the
amygdule. Cavernous amygdules with banded structure were also
found in the Farmington anterior ridge, locality 12. Their only other
occurrence in this country as far as known, is in the amygdaloidal mela-
physe at Brighton, near Boston, Mass., where the great number and
essential parallelism of the bands to one another, and to the bedding of
the overlying slates, has been taken to indicate deposition of some kind
gnided by gravity.® In all these cases it may be fairly argued that

1 Proc. Amer. Acad., XIIL, 1877-78, p. 206.

2 Amer. Journ. Science, IX., 1875, p. 191

8 Geol. Survey of N. J., Report for 1888, p. 87.

¢ Amer. Journ. Science, XXX VIIL, 1889, p. 134.

5 Geol. and N. H. Survey of Minn., XVIIL, p. 15, Plate L.
§ Proc. Boston Soc. Nat. Hist., XX., 1878-80, p. 426
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the accordance of the bands in the various amygdules with the bed-
ding of the adjacent sedimentary layers demonstrates the eruption of
the igneous sheet before the deformation of the whole mass; but
manifestly it does not bear on the manner of its eruption.

The 1oicroscope reveals a marked decrease in the coarseness of the
texture of the trap upwards as the overlying sandstone layer is ap-
proached at the eastern end of the railroad cut, and a corresponding de-
crease in the freshness of the rock ; but the texture nowhere becomes so
fine as that on the back of Gaylord’s Mountain. The intermediate
sandstone at the south end of the cut contains fragments of amygdaloi-
dal trap in abundance, often water-worn ; but a little distance to one
side, this mixture is replaced by a strongly marked tufa bed in the same
horizon, resembling in color and appearance the lapilli from the ash and
bomb deposit in the Lamentation anterior, locality 8 ; under the micro-
scope it shows decomposed fragments of glassy trap in a cement of
calcite and chlorite with occasional fragmental grains of quartz and
muscovite.

The upper trap sheet does not present significant features in the
railroad cut, but descending to the river and crossing by the road bridge,
where its upper surface is apparently found, several exposures occur &
little way up stream,in which there is the usual mixture of trap frag-
ments with the sands of the sandstone that overlies the sheet. This is
thought to be the upper surface of the upper anterior sheet, becanse no
other trap outcrop is to be seen until the base of the heavy main sheet
is reached.

The breccia in the middle of the cut resembles the breccias of the
Meriden quarry, but is much narrower, being only fonr to six inches
wide. Itis a fissure in the trap, on which some slight faulting has
taken place, as is shown by slickensides ; it is filled with a mixture of
sand and angular trap fragments, and was undoubtedly formed posterior
to the production of the trap.

5. — Conclusions.

It is difficult for those who have become convinced of the correctness
of a certain conclusion to state in an tmpartial manner the evidence on
which the conclusion rests. We shall therefore not attempt to review
all the evidence presented above, but will briefly call attention to the
uniform association in the eastern trap ranges of the nnmerous charac-
teristics of extrusive sheets, while the western trap range as consistently
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manifests the several characteristics of an intrusive sheet. It must be
remembered, too, that of the numerous localities instanced on the east-
ern ranges, all (with one exception, Hartford) belong to only three
extrusive sheets; and hence the evidence that is found at one point
supplements or confirms that found at another in a most satisfactory
manner. All this seems to us to be beyond explanation either by aceci-
dental coincidence or mistaken identification. While judgment might
well be suspended if our argument rested on single examples, or on nu-
merous examples confusedly arranged, it is difficult, even if necessary, to
maintain an open mind.in the face of evidence at once so full, so varied,
and so accordant. If all the trap sheets of the region were of one
kind, the argument would be weakened; for in the absence of either
kind of sheet, the peculiarities of the other would not be illumined by
the light of contrast. The presence in the single region under consid-
eration of sheets with the features of intrusions and extrusions there-
fore greatly increases the confidence that one may feel in the case, and
warrants the acceptance of those sheets that we have called extrusive
as conformable and conteruporaneous members of the Triassic series, by
means of which the dislocations of the formation can be detected.

The fullest statement of the method by which the extrusive trap
sheets can be thus employed is given in the article above referred to,!
by the senior anthor, in which the process of investigation followed by
the advanced section of the Harvard Summer School of Geology during
a week’s work about Meriden is presented in detail. It is now our
design to continue the investigation in the district northwest of Hart-
ford, where a preliminary excursion has indicated a change in the course
of the faults from the uniform northeast trend that they possess in the
Meriden district. When the. faults are mapped out over a considerable
area, comparison can be made between their conrse and the strike of the
schists on either side of the Triassic valley, on which the conrse of the
dislocatious is thought to depend.

1 The Faultsin the Triassic Formation near Meriden, Conn., Bull. Museum Comp
Zool., Geol. Series, 1., 1889, pp. 61-87.

NoveMBer 16, 1889.
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EXPLANATION OF PLATES.

PLATE I

Map of Triassic area in Connecticut from Long Island Sound to the north
bend of the Farmington River, based on Percival's map in his Geolog
of Connecticut. The numbers in circles refer to localities on the sev-
eral trap ridges described in the text, and in most cases figured on
a larger scale in later plates. See page 104.

Plates 1I. and ITI. contain outline maps traced from town maps in county
atlases, the trap ridges being sketched in black; they cannot claim
much accuracy, but will probably serve as guides to the localities
that furnish exposures of critical contacts.

PLATE II

Adjacent ends of Saltonstall and Totoket Mountains. For locality 14,
see p. 110; locality 15, see p. 111.

North end of Totoket Mountain. Locality 4, see p. 107 ; locality 16, see
p. 111.

North end of Higby Mountain. Locality 6, see p. 167; locality 17 and
17/, see p. 111 ; locality 24, see p. 115.

Chauncy Peak, south end of Lamentation Mountain, and Quarry Ridge,
Meriden. Locality 7 and 7/, see p. 108; locality 8 and 8, see p. 108;
lTocality 19 and 1%, see pp. 112, 113.

Noteli Mountain and eastern ridges of the Hanging Hills. Locality 9
and 9, see p. 109; locality 10, see p. 109; locality 19 and 19’, see
pp- 112, 113.

PLATE III

Farmington Mountain and its anterior ridge. Locality 12, see p. 109.

Farmington River Gap, at Tariffville. Locality 13 and 13, see p. 110.

tock Falls of Aramamit River. Locality 23, see p. 114.

North end of Lamentation Mountain. Locality 18, see p. 112.

Posterior ridges to Saltonstall Mountain. Locality 20, see p. 113; locality
21 and 21", see pp. 113, 114.
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PLATE IV.

Overlying sandstone traversed by a small leader from the trap sheet of
Gaylord’s Mountain at loaring Brook, locality 3. See pp. 115 and
116.

Angular fragments of trap imbedded in sandstone on the back of the
anterior ridge of Higby Mountain, half a mile southeast of East Meri-
den, locality 5. See p. 107.

Drawing from a microphotograph of a section of vesicular trap from tle
ridge posterior to Chauncy Peak at Highland Lake, locality 24. The
trap is black, with white areas representing minute pseud-amygdules
and an occasional prism of plagioclase ; the large central space within
the trap is an amygdule, containing clastic material (dotted) at the
bottom, with the once horizontal lines of deposition now tilted parallel
to the general monocline of the region; the upper part of the amyg-
dnle is filled with calcite, of which part is stained with some ferrugi-
nous material (fine lines), and the rest is composite crystalline calcite
(blank). See p. 115.

Drawing from photograph of sandstone in contact with vesicular upper
surface of trap, forming Lamentation Mountain, locality 18. The
black areas are the thin walls separating vesicles; white spaces are
amygdules of calcite. See p. 112

Drawing from photograph of hand specimen of sand grains filling open
vesicles in trap, Falls of the Aramamit River. Two vesicles have
lower bands of calcite, and the remaining space filled with clastic
material. Locality 23, see p. 114.

Breecia from fault in a road-cut in the second posterior ridge to Salton-
stall Monntain, near Branford, locality 21. This fanlt is probably a
branch of the great fault by which the Triassic formation is limited on
the east. See p. 114.

PLATE V.

The City Quarry at Meriden, looking northwest; locality 19. a, g,
the -lower flow in the southern part and the western alcove of the
quarry ; b,b,b, the upper flow, forming most of the mass here exposed ;
¢, ¢, ¢, breccias of angular trap fragments and sandstone, traversing
the quarry. See pp. 112, 127. The northern extension of Cat-hole
Ridge is seen in the distance.



